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i

EIEREME 38 X O°FE$ENE 8 % A B F B mitochondria o
T.C.A. cycle B8+ 5%

PHIAFERFME 1 (REPY) SABHE (8 REsD)

P Mo on

"z 8

(ARFN344=1 B 6 A3ZHE)

BIE®E WHESLUIK

HEHBEBMORRICBEL TEd R D LT D B4 03
BRIBENTNS. 2O BRREEBROSNTELED
DELT, 1) BEAPHEHER (Bigwoodl, |
2y, 2) MBOMERIRE S A FHEkER (Nims 3,
EN2), 3) KOKHER, WOAKREBO REH,
(McQuarrie¢ , &)||®’), 4) K, Mg, Ca, NH;4
i & O¥EH BB (McQuarrie, 8 Gibbs, Lennox
and Gibbs,7” Hirschfelder,8> Cohen et al?),
5) ifi ¥ £ % (Gibbs, Gibbs and Lennox),1®
6) MmEPFED (Forster etclV), 7)) s L UMH
TRIRAOESES (Kroll12), 8) P wmERE:
(Fischer!® ), 9) Acetylcholin {{ijif&fF§ (Pope
1), 10) Glutamic acid EE (b 15, Weil-
Malherbel® ) L ¥9Hs. Lol, IN5D5H
ANBEEROCCEREFLEOTH2BOEE HH TP
<, B BBOMK LD HMBFHEOS DKL S
HELLBDTH5.

R EOTHERMCH L, Kk EARSTH
N3E5KER0, EOBRASNAEREARREDHNT,
R D & SRR A & T 2RAEVTH
N2ICHEDR. 4 Z TICHDIC S NARERKNOR
D> BbTHEHELEDDIE DV TR ERDIELT
»Hd.

1) Cholinesterase (LAF ChE tHRT3) &

HHEo LR
Pope, Moris, Jasper, Elliot and Penfield1?

W&o, FERiRO focus ¢t ChE QEHED LA
HBHCEHBESNTBY, HEO H 1Y HRROM
BEFFOTIS. £ Tower |IJEHIIKTIZ ChE @
ERMEO LR - FRC& A8 Acetylcholin £ 3 &
RBYRHEZELERDHTS.

2) fwigHE amino FEROM A

BE F L 10 &0 HEHR T IITRMEIRRNIC < S K
EHE amino FEEBEHAL TN B ENHSHIZEN
T3, F7=, Tower2® [ ¥ M BtE A Tl gluta-
mine 3 & F glutamic acid {{ICBEDOH B = &
EPSHICL T 548, glutamine fEds X ¢F gluta-
mine 3Rt amino DS bbb DB RBICHET
5HBDTH LI AR ECCERCHAENT 3.

3) Na, K ofR_#tR%

Tower [I#&MNO Na - K ¢ balance =33
WCERMIAR TRk L, K 13 low level ©
»V, Na |1 high level TH5LERHE L T
5.
REDOEBICBUVLTUIZDHDF| DS THIEHK
BB OB T 2HEN T THSNTRY,
Jamifk i3 glucose fAFARDFBEHETOUASL),
EABOILE OR22), Warburg-Dickens % O fif
LREDET CNFH 23) BEL DERIBHSHIZ
ENTEE.

AEIINSOUED—BEE LCARTIIS ZICKR
THELRBOCTHERER 17 | KE EHRBILR
BERE) SO0 ERARAHET, EIFEEIN
@ T.C.A. cycle % member QLD ND 7= &
FERHRDFE MR EBCL> T L& L.

B2 BMESE

BIE REHH
AREDDRBLBOTHABIFEMICI DT AL, BE
DORBEEHERECB B, TEDOBERAICHD
Tid, Area 6, FEIRMIHICH D TITATHES AL 7.
INSOBERILTERIDTELTHS. UED
BED S bHNASHMLACIKRE R L b DIIRE
B SR .
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2% mitochondria DEEHRIEIC D & T )=
- 374

T.C.A. cycle QR & L T, pyruvate,
citrate, a-ketoglutarate, succinate, fumarate,
malate, oxalacetate %% L\ . PIEIILFNAS
O.IM tH3.

3 & mitochondria D5 EEE

FHIC L DT AR & 7272 HIC 0°COAE fr
HRERPICBL, KNTMO&AERD, 0.25M QSR
#I{L LT homogenize L, #1EOT &< MEL
T mitochondria )% /)L 7=.

F4E MHBRAIROEME IVHE

#1fHE sk Warburg SESEICL O % L,
RIt%, b EOR<B1EEHBIC LA,

B3®E REAW

Pyruvate &3 ) F T.C.A. cycle Ottt i 4
EHF & U Thimpit iy mitochondria DEEHEM &
H & FIESRM S & IR B & O KB B B mito-
chondria |[ZDOWTHREL =R, 2¥D 285
Mg D27.

1) EICHEBEEHRMUAVEAICE T SREHRNR
BRERICTFTIEL THD. TRALLIEMIGAIOR:
FHBE (mitochondia QDizRHEE 100mg (X3
PMEHERE, 1l THS5PHT) 136.5~13.4ul, F5
9.2ul THH, FNIAIL 2.6~10.5e], F56.2u1 T
R2%DIEHET &L, i CIIIFRHIIBIDOH%BTH
5.

2) Pyruvate &} & LN TlE, 20
<HEEREBRZEORIMIIMMFITIIL.5~7.6ul, Fi
5.2ul THD, HEMITI31.1~5.1pl, 7352.9ul TH
O, XBEEHFEML OB OMENRSC KL T,
RGP TII37%, WG TII47%DMM<TH 3. L
Zo DTN IR A L L10% DTS T & 7R
USRI IR OFI% T H 5.

3) citrate X ELCHEMT 5&, R3DTE
< IHERIBICIE 1.0~12.4,1, 35 5.0u1, FaNif<
13 0~3.1pl, ¥350.7ul TH Y, PEKIMITLL citrate
WIZEAEHLERZTTORNLISTH .

4) a-ketoglutarate ZJEE & LABA 13 &4z
TFEEL, RIS TIE 9.9~17.3ul, ¥#511.9ul
THY, MBI TIL0.6~6.9ul, 5 4.Tul THI),
53%DEHET 2RO, MIMGIIIMENIBIDFI%TH
%.

5) succinate ZILF[ & LA L, ROIRT
Z &L, FRpafiip 22.3~52.2ul, iy 28.1ul, WaHil

S|

#1 25.0~329.5u1, i 20.8u1CH Y, succinate %
AU L2 RIIMOXBOHA LR, BICEIIF
W, FERENIB L DRILDTTHE D, E2OXIT192%
THS. ELTOITNOHEHMOEBRDOBHTORLE
DORELETAD 5.

6) fumarate ZFHH{& L7~ &3, K6 T
F& &<, JPEEITIE 1.1~8.4u], 35 3.5u1, §
MHI L 0.8~2.9ul, T 1.1x1T20% DIFHAE T %
ADHD.

7) malate #H{E LR, RTKCFRITE
<, FEFAIBITIE 1.0~11.1pl, 5.9 THY,
BB TIZ1.2~2.9ul, P35 1.9u] €33%DEHKT
ERDI=.

8) oxalacetate KB L= A3, REIKFE
FZ &L, IEEEF CTld 8.9~21.2ul, 35 11.44l,
BB <ld 2.4~10.2ul, F355.4p] C 37% OIEHE
THRED-.

) DERELCERRAI NI LICRT T &L, 3E
FARIAITIIMERIEBR EOWMIE succinate >ea-keto-
glutarate>> oxalacetate>> pyruvate> malate>
citrate> fumarate QIETH Y, —HEE Al T id
succinate’> oxalacetate™> a-ketoglutarate™> py-
ruvate> malate> fumarat>> citrate DI T %
), succinate Rl & LCHEmMLASEERE, fit
DTN ERT & L-BE THRMAIIIREHsIC
LEEROHEBREIMREN T 3.

Biw RBELOSTICER

JEft 3 & U JEHERIT B E KMk mitochondria &
2T pyruvate 3L T.C.A. cycle ()% mem-
ber DM(LOBIE 2 B L, MERHBROMMDAK S
HOL VIS &, FEH N # T 13 succinate>e-
ketoglutarate=-oxalacetate™> malate==pyruvate
=citrate>fumarate QOIF& x 10, ETFFHEHHITIT
succinate™> oxalacetate=a-ketoglutarate> py-
ruvate=-malate> fumarate=:citrate QjH& XK %
CEERDE. TALLHEMOMIC & L ICERAT
ENEF ORRIEH SR .

C QIERF &8 1 R B T2 RREEIITE & B
WOREWEURE [T ] REC DV TOERE K
LTAk%e, FEOERTIIEFHKEIL succinate>
a-ketoglutarate > oxalacetate > pyruvate >
fumarate QIETH Y citrate, malate & X > Tl
MENBOMMERD T, R 7] KETE suc-
cinate> pyruvate> a-ketoglutarate=-oxalacet-
ate QJET, fumarate, citrate, malate |23 >T
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BEAREBRONMMERD LI DEbFTHY, FEREME
FETHFEMD NG succinate, a-ketogluta-
rate, oxalacetate F#NBEDALZELIATIE X
POTILK—BKLTCD. —HERAERE 7 | %
B&ENBT D& succinate DR ATH 543 36E
‘CHdH. FEIEFITIT e-ketogiutarate=oxalace-
tate> pyruvate QIHTH 5D L, WR/ITIR
B T3 pyruvate> a-ketoglutarate=oxalacetate
DIETH Y, pyruvate DIERLD & THIFHHM &k
[TIREEIIEDT 3.

DEICCOFEERLK & LB WINC OV C IR
ol & BLIERRMIGI & & HIRL TA D &, FFEEE &<
KR L TOR WA S BESRA B39 S 2 1S FFHRIT
PICH L CRER R EAH U, RIS pyruvate 8 L U
T.C.A.cycle 0% member XM & L CEHmL =8
AOBEHBREOMMER L BT, succinate
< LB AT T A THERIRIIEERIFIC L T
HMMENT B EEMDR. & T S succinate
FMATIE. B LRCEB T 2EROES & W UL 5,
FEFRFIS & B ICMDHE ORIEOERHBROMME T
L, EOKEERZ LEIERDOBLOBTDBEDHE
FEBCANLZTUIGEDERITZ A EEDRE N
UNEL, CORBEREZEF N 2BNEDDTHHK
WEERHET2HFREEA D &, FFMiIBICIE28.1
ul, HIEHRRIGITIE 20.8u] CHICHERMBID S ©
KEXNEUEETBEL D BRIV TINDITLTH
5. NIz e, o T.C.A. cycle
member [ZIIRHSNBVBKRTHY), HERAHER
FEEBOIREMP 7 ) FRELBLTHROONK
»o-bDCHD. Bessman 524 X Robert
528 |~ X ) succinate |3 2Dt # BB ICBNT
r-aminobutyric acid D/ EBR &K A S DD BE
BHDDTIERNDEHBENT D, BEOHD
20 (IBEFI Tl 2 D r-aminobutyric acid DfL
WRBICBREBHDEEATCDIODT, succinate (D
EEHEN T Ok {2 (L r-aminobutyric acid DfL
HEEELRKASHOBANH 29D LNE0D, €D
MBS HOMBICE ~hILS K CHD 5.

—7 succinate LAADfD > member T
WS —BIC, BEIERSNEICE U T IHRIISIC

LIEEDIET &880 3. CN&2NE 7 | REOHA
LHRLTHTS, MR 17 | RKEBNIEFREH
L, EOEBIZEBHN, ENENFEHOBETH R
BHo5N, succinate 2K & T 5HDUSND K TIIHA
MOBEIBERKR [T | KEOHRICELDHTE
UL EEASND.

B5% & i

FEFENISS X UFEL IE #A Fii B & O ARz mitoch-
ondria |Z D¢ pyruvate 3 & F T.C.A. cyclep
# member K& T AN KZE Warburg RE
KEE2BBLVCHUELCOEDI L EHASHICL .

1) &K EHRML A VEA D mitochondria
OEEFE MBS B O TIIEFRRIFADH B T,
BETFLCHD.

2) pyruvate ZIEH & T SRR EIEHRENC
IR DRI T H B,

3) citrate £ XH &3 5 &, AREMIK TIIER
DOWINIRD ST, citrate I INALD, JF
JEHigclamibzn 3.

4) a-ketoglutarate ZILFi&L-4aE, HIE
FaRi I OB L FEREAI B DKL TH 5.

5) succinate #J£E & LA, HIEKENAB
X UIERERIIC L < L2 N, 1% & H LD member
FHHE LABROREORILERD, SRR
Z &id succinate QB HFDAHEIEREINGID T 25 I
figlL Db, POPREBEMOBREY NI ETH DS,

6) fumarate Z#H & L-SiElE, HIEENOD
R EAE, FERAIRIDRI%TH .

7) malate 2&H & LA-BaL, EEBEHIORE
% EAE, IERIBOKKBTH D.

8) oxalacetate % HI{& L =& 3HIE ¥ 4l )
OFER AN, FEEMAORILTSH D.

9) —ARICEIERI T IIEiIpIC 5, R
mMOFRIPETFTL T3, A & LT succinate
DHEBPLILAEL TN B Z LR TH 5.

MaikdichHed, BBELHREE X UEi
%Gk WIMMINE 2 BB R#H T 5.
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%1 mitochondria I X 3 IR

| * wooom H R i 1
No. | % % | Tl e w | | = | T|w| 2 wo | Rk
1 Y.S. 54| 8|27 v 4 — L |13.4 K.D. 12|86 |®E IE 9B fii| 4.2
2 Y.K. 7|8 |1 B Mg M| 6.5 Y.I. 8le|® F # #i| 8.3
3 I.1. 571 & | B M IR K| 9.1 S.F. 23| 3 |HE IE ¥ fil| 2.6
4 H.H. 5319 |7 VA - 54| 9.0 H.I. 27ls | B F g | 7.1
5 K.N. 3718 |Z VU A~ L| 94 S.S. 6|6 |H IF # |73
6 T.1. 521 8|27 VA — 14| 9.6 T.S. 27| 8 |H IE §& #|10.5
7 T.M. 36| 8 | W Ba B RE) 7.0 T.N. 20| 8 |H IE # | 3.7
8 K.W. 3|9 | W fx M fE| 9.3 s.0. 25| ¢ K IE $ M| 6.0
S ] 9.2 6.2
YIRRIBAL B R B Area 6
%2 pyruvate F{EmC L DERE{C %4 a-ketoglutarate KK X 2FREL
2 T i * | . il
‘ w . 4 p 52 152
NO.!§§%¥£NQ;&J&%3F£ No.gﬁgﬂzﬁmgﬁgsrz%
!(—)(+) m 8 E 3 (=)|I(+) i B xR (=) m |2 b3 (—)|(+) ;n B X
1 {13.4{20.2( 6.8 1 |4.26 9.3 5.1 1 |13.4{24.2/10.9 1 |4.2/9.2 5.0
2 | 6.510.4| 3.9 2 | 8.3]11.7 3.4 2 | 6.5[18.4{11.9 2 | 8.312.7| 4.4
3 |9.114.0 4.9‘ 3 2.6/ 4.3/ 1.7 3 | 9.120.2111.1 3 [2.6 7.9 5.3
4 [9.010.5 1.5 4 17.18.2 1.1 4 |9.0/20.1)11.1 4 (7.1 7.7 0.6
5 | 9.4{15.2} 5.8 5 7.3 9.6 2.3 5 [ 9.4{19.3] 9.9 5 | 7.3]11.6| 4.3
6 | 9.6/14.0{ 4.4 6 [10.5/14.0: 3.5 6 | 9.6/20.5(10.9 6 [10.5/17.4] 6.9
7 | 7.004.0] 7.0 7 | 3.7, 6.6 2.9 7 | 7.0124.3117.3 7 | 3.7/ 9.6 5.9 "
8 |9.3[16.9) 7.6 8 | 6.0/ 9.0 3.0 8 |9.321.312.0 8 |6.0/10.8 4.8
P 9.2]14.4) 5.2 57% |¥3) 6.2 9.1] 2.9, 47% 45| 9.2021.1[11.9) 1299 (I57#5| 6.2{10.9| 4.7| 76%
%3 citrate FEiC 2R %5 succinate ¥Efnic X 2RRE(L
EI T #a R e M #A il
7 ) o2 [
No_iﬁg_%?t’-ﬁmiﬁ%%’zﬁ NO_%‘H%?ﬁN&g’EI%#ﬁ
(ol Bl | o e = S SO FAEE Y I € Eo A LR
1 [13.4018.7 5.3 1 (4.2 4.20 1 [13.4/36.7|23.3 1 | 4.2/43.7(39.5
2 | 6.5018.9[12.4 2 | 8.3 8.4 0.1 2 | 6.528.9122.4 2 |8.2[39.731.4
3 | 9.1/13.6| 4.5 3 |2.6 5.7 3.1 3 |9.1/32.523.4 3 | 2.6[30.2]27.6
4 {9.0010.3 1.3 4 | 7.1 8.1 1.0 4 |9.031.322.3 4 | 7.1132.1[25.0
5 | 9.413.6] 4.2 5 | 7.3 7.7, 0.4 5 | 9.4/33.824.4 5 | 7.3[36.3[29.0
6 | 9.6(15.4] 5.8 6 (10.5/11.5/ 1.0 6 | 9.632.723.1 6 [10.546.3[35.8
7 | 7.0/ 8.0/ 1.0 7 13.7/3.700 7 | 7.041.234.2 7 | 3.730.6(26.9
8 [9.315.2 5.9 8 |6.0/6.2/0.2 8 |9.361.552.2 8 |6.037.131.1
T 9.2014.2] 5.0 549 |¥4| 6.2 6.9] 0.7| 11% i) 9.2137.3(28.1] 305% || 15| 6.2[37.0[30.8| 497%
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#6 fumarate ¥EhIC X 2RERE/L %7 malate FHmcL 5FERE(L
k& fE ¥ £ C R -7 £
57 |®|le e | "F | s A 2

No. |-—— % ﬁ.No.gﬁ j%?ﬁ NO.EE—%S’ZTENO.E—E;%qZﬁ
(| g |38 X ()| g |8 % () 3 |8 % () g | 8 %
1 [13.414.5/ 1.1 114.2/7.12.9 1 [13.4{16.4| 3.0 1 | 4.2 6.6 2.4
2 | 6.5[14.9| 8.4 2 (8.39.91.6 2 | 6.5(17.6/11.1 2 |8.3 9.6/ 1.3
3 [9.1]11.8 2.7 3 |2.6/3.2 0.6 3 | 9.115.6| 6.5 3 | 2.6 4.2 1.6
4 |9.0/10.4 1.4 4 7.17.40.3 4 {9.0/10.7| 1.7 4 |7.110.0 2.9
5 |9.411.8] 2.4 5 |7.87.70.4 5 | 9.4/17.7| 8.8 5 (7.3 9.0 1.7
6 }9.6(10.7| 1.1 6 |10.5(11.0 0.5 6 | 9.6(15.1| 5.5 6 |10.5(11.7} 1.2
7 | 7.010.1] 3.1 7 |8.7 4.9 1'2l 7 | 7.0/ 8.0/ 1.0 7 | 3.7/ 5.4 1.7
8 | 9.3)17.7| 8.4 8 |6.007.2{ 1.2 8 |9.3[19.5/10.2 8 | 6.0 7.9 1.9
i) 9.211.7 | 3.5) 38% |I5734| 6.2| 7.3| 1.1} 18% ¥4 9.2/115.1| 5.9) 64% |F#5| 6.2 8.1] 1.9| 31%
#8 oxalacetate FEHC X 2FEREL
kM #a i3
£ m|g v |#u|f|Fe
No. i - || No. e H
(=) yp |9 % G G/ EEC RS
1 [13.4[22.3( 8.9 1 |4.2/8.34.1
2 | 6.5(17.3]10.8 2 | 8.3[16.3| 8.0
3 | 9.1j19.310.2 3 | 2.6/ 7.1 4.5
3 | 9.0/18.5 9.5 4 7.1 9.5 2.4
5 | 9.4/18.4 9.0 5 | 7.3]12.7| 5.4
6 | 9.6/19.1/ 9.5 6 (10.5(20.710.2
7 |7.0128.221.2 7 3.7, 7.8 4.1
8 | 9.321.9/12.6 8 | 6.0/10.0| 4.0
5] 9.2[20.6/11.4| 124% ||735| 6.2]11.6| 5.4) 87%
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Studies on the TCA cycle in Brain mitochondria

1st Department of Surgery. Okayama University Medical School.
(Director : Prof. D, Jinnai)

Part II, On the non-epileptic and epileptic brain mitochondria
By
Shinnosuke HiGucHI

The respiration of human brain mitochondria was measured by the Warburg’s manometer
and the members of the TCA cycle were used as the substrate.

The Oa-uptake of the non-epileptic brain mitochondria is about on and half times of the
epileptic brain mitochondria.

On the oxidation of the substrate:

Malate, fumarate, pyruvate, oxalacetate and e-ketoglutarate accelerate the Oa:-uptake
in both cases, and the Op-uptake of non-epileptic cases are always 2 or 3 times of the
epileptic cases.

Citrate accelerate the Oa-uptake in the non-epileptic case, but not in the epileptic case.

Succinate accelerate the O:-nptake in both cases and its about several times of the
other substrate.

Especially the increase of the O.-uptake of the epileptic brain mitochondria by succinate

is higher than of the non-epileptic brain mitochondria.




